Abstract Successful implementation of an international nutrient abatement agreement, such as the Baltic Sea Action Plan (BSAP), requires consistent understanding of the baseline nutrient loads, and a perception of acceptable costs and fairness in targeted reductions of these base line loads. This article presents a general framework for identifying the implications of divergence between different nutrient load quantification approaches, with regard to both cost and fairness criteria outcomes, for the international agreement to decrease nutrient loads into the Baltic Sea as presented in the BSAP. The results indicate that even relatively small divergence in the nutrient load quantification translates into relatively large differences in abatement cost for different Baltic Sea countries. A robust result, irrespective of differences in nutrient load assessments, is a conflict between abatement cost effectiveness and fairness, with relatively poor countries facing heavy abatement cost burdens for cost-effective international load abatement.
INTRODUCTION
Excess anthropogenic nutrient loads to aquatic ecosystems have led to worldwide eutrophication problems (Galloway 2008; Conley et al. 2009a ) that require abatement solutions to reduce the proliferation of harmful algal blooms (Huisman et al. 2005 ) and ''dead zones'' in coastal marine ecosystems (Díaz and Rosenberg 2008) . The Baltic Sea has been reported to contain the largest anthropogenic dead zone in the world (Díaz and Rosenberg 2008) and the effects of eutrophication in this system have been well described (Elmgren and Larsson 2001; Conley et al. 2009b ). Mitigation of the damage from eutrophication has been on the agenda for the countries surrounding the Baltic Sea for decades, leading to the collaborative establishment of the Convention on the Protection of the Marine Environment of the Baltic Sea (Helsinki Commission, Helcom) in the late 1980s, working to implement a 50% reduction target for anthropogenic nutrient emissions and discharges (Backer and Leppänen 2008) . In spite of the decades of attempts to combat eutrophication, however, there has so far been little progress in total nutrient reductions (http://www.helcom.fi/). Frustration over the lack of progress in achieving improvements in water quality can be one reason for the establishment of private foundations and initiatives which call for rapid and radical measures to combat the eutrophication in the Baltic Sea (e.g. BalticSea2020 2011 NEFCO 2008 ). Helcom has also reached a new international agreement to reduce the effects of eutrophication, the Baltic Sea Action Plan (BSAP), with targeted nutrient reductions for each Baltic Sea country (Helcom 2007) .
The BSAP implies renewed efforts to achieve targeted reductions of nutrient discharges, as calculated to be needed for long-lasting improvement of marine water quality. The lack of results so far, however, clearly indicates an inability to implement effective strategies for such reductions. One important reason for the hesitation to reduce nutrient loads to the Baltic Sea is by all likelihood associated costs, which now start to increase at a higher rate than earlier because the low cost options, such as improved nutrient removal at wastewater treatment plants, have already been implemented in several countries (e.g. Helcom 2007) . Therefore, careful cost calculations are now likely to be more important than earlier. Furthermore, successful implementation of international agreements such as the BSAP requires a perception of fairness by involved stakeholders (e.g. Carraro 2000; Bérubé and Cusson 2002; Lange et al. 2007 ). This may be of particular importance for the mitigation of eutrophication in the Baltic Sea since countries with relatively low income levels are likely to face the highest financial burdens in a cost effective solution (e.g. Gren 2008a ). In general, such an allocation of cost burdens is regarded as unfair (e.g. Grasso 2007) .
In order to calculate costs and evaluate financial burdens among contracting parties in an international agreement it is necessary to quantify the relation between inland activities, such as agriculture, and associated nutrient loads to the coastal and marine waters, where damages from excess nutrient loads occur. However, model interpretations of available nutrient budget and cycling data can differ considerably with respect to the representations and projections of sources, waterborne transport and retention processes, and future fate of nutrient loads from inland hydrological drainage basins to the coast (e.g. Helcom 2007; Destounit et al. 2008; Gren et al. 2008) . Reported Baltic Sea wide estimates of nitrogen (N) and phosphorus (P) loads, for instance, vary between 684 and 745 kton N and 31 and 36 kton P, respectively, in reports by Helcom (2004 Helcom ( , 2007 , Destouni et al. (2008) and Gren et al. (2008) . The main questions addressed in this paper are: if, how much, and in which respects such divergence in nutrient load measurements matters for successful achievement of internationally targeted nutrient load reductions.
The term nutrient load measurement refers here to the quantitative interpretation of available measured data, and not just to directly measured data. Such interpretation, by use of models, is always needed to fill in essential spatiotemporal gaps between the localities (points in space and time) of direct water flow and concentration measurement, and the total nutrient loads that eventually feed into the coast at different points in time, from all the different sources, and along all the different transport-reaction pathways of waterborne nutrients in the large spatial drainage basin scales of long coastlines and whole seas. However, all models and model interpretations of largescale hydrological mass transport are inevitably associated with uncertainties, see e.g. Hannerz and Destouni (2006) and Destouni et al. (2006 Destouni et al. ( , 2008 Destouni et al. ( , 2010 for examples of both measurement gap analysis, and analysis of divergence and ambiguity between different models of nutrient loading to the Baltic Sea.
The problem of model interpretation is central in the above-formulated main questions of this study, and involves a different type of uncertainty than the randomness of stochastic model parameters (e.g. Gren et al. 2000 Gren et al. , 2002 Gren et al. , 2008b Elofsson 2003; Khadam and Kaluarachchi 2006) , and/or the different scenario assumptions of uncertain site characteristics, values of parameters or parameter statistics, or future developments (e.g. Destouni 2005, 2007; Destouni et al. 2010) , which have been considered in previous studies. For such statistically/scenario-quantifiable uncertainty, previous studies have addressed how the uncertainty propagates further into the problem of minimum costs for abating nutrient loads to international waters by comparing the sensitivity of minimum cost results to different assumptions in, and/or to quantifiable randomness around a single basic modelling approach to expected nutrient loads (e.g. Elofsson 2003 Elofsson , 2006 Bayramoglu 2006; Gren 2008b; Fernandez 2009; Kataria et al. 2010 ). This study considers instead the problem of how divergent results of different, independent nutrient load reports, based on different nutrient load modelling approaches, propagate into both minimum cost and fairness outcomes. No previous study has to our best knowledge investigated the implications of such divergence propagation to the both the costs and the fairness outcomes of an international agreement on nutrient load mitigation targets.
This study focuses particularly on impacts on the intergovernmental agreement of the BSAP, based on the different measurements of nutrient loads from the Baltic Sea Drainage Basin to the Baltic Sea reported in the three, independent studies of Helcom (2007), Destouni et al. (2008) and Gren et al. (2008) . Also in the large literature on cost effective achievements of international environmental agreements (e.g. Carraro and Buchner 2002; Lange et al. 2007) , there are few studies considering the present combination of both cost and fairness outcomes for national implementations and international agreements. One previous study has evaluated the BSAP suggestion of abatement target allocation among different countries with respect to both cost effectiveness and fairness (Gren 2008a) , but that study did not consider the implications of divergence in different basic nutrient load assessments, which is the main focus of this study.
A few caveats are in order, which are due to the exclusions of benefits from BSAP and dynamics in nutrient transports in the drainage basins and in the Baltic Sea. There are a number of studies showing the importance of distribution of both benefits and abatement costs for agreements and implementations of international environmental agreements (for applications to the Baltic Sea, see Markowska and Zylicz 1999; Gren and Folmer 2003) . However, there exists no study of the allocation of benefits among the riparian countries from the implementation of the BSAP. Even if such benefit estimates existed, it is unclear how they could be related to divergences in nutrient load estimates, which is the focus of this article. With respect to the second caveat, it is well known that the dynamics of nitrogen and phosphorus transports differ in the drainage basins (e.g. Destouni et al. 2010) , and among marine basins in the Baltic Sea (e.g. Savchuck and Wulff 2009) . This means that the time required for achieving certain nutrient reductions to the coastal waters and marine basins also differs among drainage basins, which, in turn, affects abatement costs. Lack of data on nutrient dynamics in the drainage basins is the main reason for the static approach applied in this paper Another justification is the relatively short time perspective of the BSAP, the targets are supposed to be achieved in 2021 (Helcom 2007) .
This article is organised as follows: first we briefly present the numerical optimisation model which is used for identifying the implications of differences in nutrient load measurements. Second, we present the considered reports of such different nutrient load measurements for the Baltic Sea. Fourth section shows the calculated results for minimum costs and indicators of fairness for the BSAP implementation for the different nutrient load measurement reports, and the paper ends with some main conclusions from these calculations.
COST EFFECTIVENESS AND FAIRNESS
There is an emerging literature in economics on the role of cost effectiveness and fairness for agreements on international environmental problems (e.g. Carraro 2000; Bérubé and Cusson 2002; Lange et al. 2007 ). The general approach is to treat the two issues separately by first identifying efficient allocations of load abatement requirements and then carry out an assessment with respect to different fairness criteria. This approach is also applied in this article, where we first present calculations of costs for different nutrient load reports and then present the quantification of different fairness criteria.
Calculations of Minimum Cost Solutions-A Brief Presentation of the Numerical Optimisation Model
We apply a mathematical programming model described in Gren et al. (2008) for calculations of minimum cost solutions for achieving nutrient targets under different nutrient load reports. The Baltic Sea consists of seven interconnected marine basins ( Fig. 1) , and the ecological conditions of these basins differ. They are most severe in the largest basin, Baltic Proper, where large parts of the sea bottom lack oxygen and are without biological life due to excess nutrient loads (Conley et al. 2009a) . For that purpose, the BSAP suggests different nitrogen, N, and phosphorus, P, load targets for the marine basins, denoted T
NmÃ and T
PmÃ where m = 1,…, n refers to the different marine basins. Each marine basin receives nutrient loads, D Emic , where E = N, P, from its hydrological catchment, where i = 1,…,r are the different sub-catchments, and c = 1,…,j the different riparian countries (or parts of countries) located within that whole catchment. The impacts of nutrient deposition in these catchments differ because of variation in climatic, hydrological, biogeochemical and biological conditions, and the entire basin is therefore divided into 24 sub-catchments (i), nine riparian countries (c), and seven marine basins (m) (Fig. 1) .
The main question of this article-how management is affected by divergence in nutrient load measurements-is approached by investigating the implication for cost effective solutions and fairness outcomes from different quantifications of the loads D Emic under business as usual conditions, i.e. before any abatement activities. Measurement divergence is then here defined as a multiplicative relation, h SEmic , between a chosen reference report and other nutrient load reports S, where S = 1,…,v are the different load reports. Nutrient loads from report S to each marine basin, T SEm , are the sum of loads from all sub-catchments located in different countries according to
The load D SEmic is determined by the business as usual scenario (BAU) or base line load, I
SEmic , minus the abatement in each sub-catchment. The numerical model applies the nutrient load reports of Gren et al. (2008) as the base line load in the reference study, I
REmic , because it is the only report which connects nutrient loads with abatement measures which is necessary to calculate costs of nutrient load reductions. The loads are calculated from data on emissions from different sectors-agriculture, industry, and households-in the sub-catchments, which is necessary for calculations of cost effective solutions. Data on emissions quantify also the loads from sources with direct discharges into the Baltic Sea, such as industry and wastewater treatment plants discharging directly into coastal waters, and atmospheric deposition directly on the Baltic Sea itself. For all other sources, additional data are needed on the transformation of source emissions into coastal loads. This requires data on nutrient leaching for all sources with deposition on land, and on nutrient retention for all sources with discharges into streams. Deposition of nutrients on arable land includes manure and fertilisers. Estimates of discharges of nitrogen and phosphorus from households are based on data on annual emission per capita in different regions, and on connections of populations to wastewater treatment plants with different nutrient removal capacities. We refer to Gren et al. (2008) for a more detailed presentation of the calculations of nutrient loads to coastal waters.
Following earlier literature, we distinguish between two types of abatement measures: reductions in the emissions at sources, A ic k where k = 1,…,l are different abatement measures, and land use change reducing nutrient transport between the emission source to the coastal waters, R , which is increasing at a decreasing rate in A ic k : The numerical model includes measures for reduction of loads from agriculture, wastewater treatment plants, industry, and households (Gren et al. 2008 ). In total, 12 different emission oriented measures (k) are included in each sub-catchment, and 1 measure (n) reducing nutrient loads during the transport from the source to the coastal water. Measures directly affecting the agricultural sector are reductions in fertilisers and livestock holding, change in spreading time of manure, and increased area with grassland, energy forests and catch crops. Nutrient loads from industry and wastewater treatment plants are decreased by increased nutrient removal capacity. Household loads are reduced by installation of private sewers in houses not connected to municipal waste water treatment plants, and by use of phosphorus-free detergents.
Construction of wetlands constitutes the second type of measures, R Emic n , where upstream nutrient mass inputs to the wetlands are assimilated by plants or immobilized in sediments, or for nitrogen, transformed into gas by denitrification. Since only one abatement measure of the second class of measures is included we delete the subindex n in the following. Abatement by wetlands is determined by the area covered by wetland, H ic , and by the mass input to the wetland, which depends on the load from upstream areas. Abatement by wetlands is then a function that is assumed to be increasing in H ic and non-positive in A k ic . Abatement at upstream emission sources reduces the load entering the wetlands and thereby decreases nutrient sequestration in the wetlands. For an emission source located at the coast, such as several wastewater treatment plants, the impact of abatement on wetland sequestration is assumed to be zero. Loads from a hydrological catchment into a marine basin in the reference report is then written as
Among the different load measurement reports considered and compared in this study, only the reference report models explicitly the relation between abatement measures and impacts on nutrient loads. It is therefore assumed here that these functional relations are the same for all nutrient reports, which then only differ with respect to the initial, or BAU, nutrient loads. For all abatement measures, there exist either a cost function for reducing nutrient loads at the emission sources, C ic k ðA ic k Þ; or for the transport to the coastal waters, C icH (H ic ), which are assumed to be increasing and convex in the arguments A ic k and H ic . The model applies two methods for estimation of costs of the different abatement measures in each catchment-econometric and engineering methods-which differ with respect to consideration of the affected sectors' actual behaviour in the market (see Gren et al. 2008 for a further description of cost estimations). Costs of reductions in fertiliser use are calculated as associated decreases in profit based on econometric estimates of demand for nutrient fertilisers in the different riparian countries. Market prices of land are used for assessing costs of conversion of land into relatively low leaching land-uses, such as grassland and wetlands. Due to lack of data, region-specific and constant unit abatement costs are assumed for the abatement measures that affect municipal wastewater treatment plants, industry and households.
Each abatement measure is subjected to capacity constraint, such as a maximum possible phosphorus removal at wastewater treatment plants by 90%, and maximum possible area of land suitable for wetland construction. Additional constraints consist of the number of households that can be connected to municipal wastewater treatment plants. Limitations on fertiliser and livestock reductions and land use changes are imposed in order to avoid drastic structural changes in the agricultural sector. The capacity constraints of the abatement measures differ between the regions due to differences in population size, area of arable land, livestock holdings, etc. For a more detailed presentation of abatement capacities and costs of all measures, see Gren et al. (2008) .
The main decision problem is now defined as the choice of the allocation of A ic k and H ic that minimises the sum of costs over all countries for achieving the BSAP nutrient load targets for different marine basins, T EmÃ , under alternative nutrient load reports S = 1,…,v. This decision problem is written as A direct first observation from the decision problem in (3) is the greater required load reduction for h SEmic [ 1, which clearly increases total abatement cost relative to the reference case. However, this higher load reduction requirement is counteracted by a second observation of a larger impact from marginal abatement, which decreases total abatement costs for h SEmic [ 1. The second observation is found by solving for the first-order conditions for a cost effective solution, which gives
where k Em B 0 for E = N, P and m = 1,…,n are the Lagrange multipliers for the marine load targets in (3). In absolute values, these are interpreted as the marginal cost of achieving the target and they are increasing in the stringency of the target. The parameters b ic k B 0 and a ic B 0 in (4) and (5) reflect the shadow values of additional nutrient removal capacities of abatement measures or areas of land with relatively low costs.
The left hand sides of (4) and (5) are the marginal cost of abatement in a catchment, and the right hand sides show the marginal impacts on the nutrient targets of a specific abatement measure. When summing the effects on the nutrient targets they are weighted by the Lagrange multipliers, k
Em
. The more nutrient targets that are affected by abatement in a catchment and the higher the value of the Lagrange multipliers the higher is the level of abatement allocated to the catchment. This is also true for the value of h SEmic , where a higher h SEmic value implies larger impact on the load targets from a marginal increase in A ic k and H ic , which reduces costs for achieving the targets. From the right hand side of (4), we can also note the negative impact of marginal abatement at emission sources on the wetland abatement, oR Emic oA ic k 0, which reduces the marginal contribution to target achievement.
Measurements of Fairness
Not only total abatement cost, but also its distribution among countries can be an important factor for the actual implementation success of international abatement agreements. Cost effectiveness in a Baltic Sea perspective implies that relatively large abatement is carried out in countries with access to low abatement costs. Due to difference in factor prices, the costs of abatement measures are low in countries such as Poland, Latvia, Lithuania, Estonia, and Russia. If also the impact of measures located in the catchments within these low-cost countries is high due to high degree of loading from diffuse nutrient inputs and deposition, and/or low retention along the hydrological nutrient transport to the Baltic Sea, the cost effective allocation will result in relatively high abatement cost burdens for these countries. In general, such an allocation of cost burdens is regarded as unfair (e.g. Grasso 2007 ).
Although there is general consensus on the requirement of fairness for actual implementation of environmental restoration plans, there is less agreement on the operational definition of fairness. Usually, a distinction is made between the process of reaching agreements and the outcome of the agreements (e.g. Carraro 2000; Grasso 2007 ). This article focuses on fairness with respect to outcomes. In general, two principles can then be distinguished: egalitarian and equity. The egalitarian principle rests on equal human rights, where citizens have the right to, for example, the same amount of emission of nitrogen and phosphorus (e.g. Ringuis et al. 2002) The equity principle, based on the capability approach suggested by Sen (1999) , relates burdens of actions to the agents' ability to meet them. Based on these two principles of fairness with respect to allocation of abatement targets among countries, the fairness criteria sensitivity to divergence of different nutrient measurement reports is assessed according to three different criteria: nutrient load per capita, abatement cost per capita, and abatement cost in relation to gross domestic product (GDP). The first criterion relates to equal nutrient loading rights, and the second to equal cost burden. The third is related to equity by relating nutrient loading or abatement cost to the affordability in different countries, which is measured as their values of total production in the economy, GDP. Similar criteria are adopted in Carraro and Buchner (2002) when assessing equity outcomes from cost effective climate change policies.
There is a large literature on measuring inequality related to poverty, which rests on the egalitarian principle, within and between countries. A common approach is to calculate so-called Gini coefficients as a measurement of inequality (Gini 1921) . The maximum value of the Gini coefficient is 1, which reflects the minimum level of equality. The lower the coefficient the larger is the equality level. There is a large literature on the calculation of the Gini coefficient (e.g. Sutcliffe 2005) . This article will use a simple approach where the Gini coefficient calculation is based on cumulative percentages of nutrient loads, population, abatement costs, and GDP (e.g. Secondi 2008 ).
NUTRIENT TARGETS AND LOAD MEASUREMENTS
Nutrient load abatement targets for the Baltic Sea were set in autumn 2007 when the riparian countries adopted the BSAP (Helcom 2007) . According to that action plan, phosphorus reductions are required for the marine basins Baltic Proper, Gulf of Finland and Gulf of Riga, and nitrogen reductions for the marine basins Baltic Proper, Danish straits and Kattegat. Phosphorus reductions in relation to initial, pre-abatement loads are largest for the Baltic Proper, and the largest nitrogen reductions are needed for Kattegat and the Danish Straits. It is expected that these reductions will reduce the hypoxia extension in the Baltic Proper by *1/3, and the nitrogen fixation, an indicator of the intensity of cyanobacterial blooms, is expected to decrease by 2/3.
The BSAP nutrient reduction requirements are based on nutrient load estimates reported by Helcom (2007) . Direct nutrient and pollutant discharges into the coastal waters are relatively easy to measure. The main difficulty is to obtain accurate estimates of the loads from upstream sources within the catchment areas, and in particular non-point sources, and of the distribution of diffuse discharges to the sea along long and mostly unmonitored coastlines (Destouni et al. 2008 (Destouni et al. , 2010 .
We consider here three principally different types of nutrient and pollutant load measurements from non-point sources: recipient, statistical, and emission-oriented approaches. The recipient-oriented approach is based on the available, yet still relatively few (Hannerz and Destouni 2006) actual field measurements of nutrient concentrations and water discharges close to the coastline, and uses model interpretations to fill in the gaps and estimate total nutrient loads to the sea (Helcom 2007) . The emission-oriented approach is based on reported data of nutrient deposition and discharges into soil and water from different emission sources, such as agriculture, industry and households, which are available in official statistics (e.g. Gren 2008b; Elofsson 2003) . Nutrient loads to the coastal waters are then in both of these approaches calculated by modelling, which accounts for reported data on nutrient leaching, retention and transport to the coast. To various degrees, both of these approaches thus rely on data and modelling account combinations of emissions at inland sources, and how these emissions are transported and retained along and among different transport pathways to the coast. The nutrient load results from different applications of these two types of approaches can differ considerably due to differences in both source input conceptualisation and data (e.g. Baresel et al. 2006 ) and transport-retention process account in underlying models (e.g. Destouni et al. 2006 Destouni et al. , 2008 Destouni et al. , 2010 . In addition to such process-based methods, with principally different weights on emission-oriented or recipient-oriented data, the third, statistical type of approach is based on regression relations between reported coastal nutrient loads and emission pressure proxies, such as population, economic activity and, for diffuse source inputs, also contributing inland area in the hydrological catchments (Destouni et al. 2008) .
In this article, we compare the effects on costs and fairness outcomes from three nutrient load measurement reports, with each of them being based on one of the three discussed types of measurement approaches: the recipientoriented Helcom (2007) study for the period 1997-2003, which underlies the BSAP; the emission-oriented study by Gren et al. (2008) based on data for 2006; and the statistical study by Destouni et al. (2008) based on data for 2000. The Gren et al. (2008) study included also nutrient loads from air-borne emissions, which were not part of the other two studies. Therefore, air-borne emissions are here excluded from the Gren et al. (2008) results and, since that study also reported abatement costs, we use it here as the reference study of nutrient loads.
The nutrient load estimates from the three different load measurement reports are summarized in Table 1 for the different marine basins and riparian countries of the Baltic Sea, along with the BSAP targets on maximum N and P loads to the different marine basins.
RESULTS-LOAD COMPARISON, COSTS AND FAIRNESS OUTCOMES Load Comparison
Table 1 reveals the notable result that, in spite of the quite different approaches to estimate nutrient loads, the resulting total nutrient loads are quite similar. Among the present national data based reports, the Helcom study estimates the largest nutrient loads, which are *15% larger than that of the reference study. This implies higher stringency of the targets in overall reduction of nutrients for the Helcom study, which tends to increase total abatement cost, and for most marine basins also the allocation of nutrient loads to them. Nutrient loads to the Bothnian Bay and Bothnian Sea are two to four times larger in the Helcom than in the reference study, and those to the Kattegat are approximately twice as large. For two basins-Baltic Proper and Gulf of Riga-all or most load estimates in the Helcom study are lower than in the reference study.
The relatively small result divergence in total nutrient load increases when the estimated BAU loads are further distributed among the riparian countries in the three studies. The largest relative difference is found for nutrient loads from Sweden, which are two to four times larger in the Helcom and Destouni et al. studies than in the reference study. On the other hand, the nutrient loads from Poland, Estonia and Lithuania are higher in the reference study. We thus have two counteracting effects on total abatement costs when using nutrient measurements from the Helcom (2007) and Destouni et al. (2008) studies compared with the reference study. However, due to the dominating role of Polish loads, the abatement costs of the reference study are likely to be highest, which tends to increase total abatement Gren et al. (2008) costs for relatively poor countries, and affects the equity criterion for the reference study.
Cost and Fairness Comparison
The calculations of cost effective solutions are carried out by use of the GAMS programme with the Conopt2 solver (Rosenthal 2008) . Minimum cost solutions are presented in SEK (1 Euro = 9.20 SEK, July 14, 2011). In the calculation of the Gini coefficients for allocation of abatement cost per capita, there is a need to account for differences in purchasing power of a given income among the riparian countries. This is done by use of the purchasing power parity (PPP) index, which reflects the purchasing power of a dollar in each country. The index is calculated by comparing GDP in real prices with that measured in PPP (The World Bank 2011). Unless otherwise stated, all costs are measured in 2006 year prices and exchange rates. Minimum total abatement costs and allocation among countries for meeting the BSAP targets are presented in Table 2 .
Total abatement costs are lowest based on the Destouni et al. study and largest based on the reference Gren et al. study. The main reason for this difference is the lower estimated nutrient loads from Poland into the Baltic Proper marine basin in the Destouni et al. study, combined with the relatively stringent nutrient abatement targets for the Baltic Proper basin. With respect to the allocation of abatement costs among countries, the dominating role of Polish costs can be noticed for all three measurement studies: they constitute 2/3 of total costs based on the Gren et al. and the Helcom studies, and 1/2 of total costs based on the Destouni et al. study. The abatement cost for Poland is approximately twice as large with nutrient estimates from the reference study compared with the Destouni et al. study. However, not all countries face the largest abatement cost under the load measurements of the reference study. Under national implementation of the cost effective solutions Sweden and Denmark face the lowest abatement cost with the nutrient reports of the reference study. Germany, Finland, and Estonia face the lowest cost burdens based on the Helcom study, and Latvia, Poland, Lithuania, Russia are favoured by the nutrient load estimates in the Destouni et al. study.
In spite of the differences in abatement cost for some countries between the different nutrient reports, the fairness outcomes with respect to Gini coefficients for two types of fairness criteria-egalitarian and equity-are quite similar (Fig. 2) . Egalitarian fairness is calculated by comparing population shares with their corresponding nutrient load and cost shares. Equity is defined as the countries' ability to pay for abatement and is measured as abatement costs in relation to GDP.
The calculated Gini coefficients for the different egalitarian criteria are similar for all measurement studies: relatively modest (i.e., modest equality level) for nutrient loads, but considerably higher (i.e., lower equality level) for the costs to abate these loads The main reason for the high coefficient (low equality) for costs/capita is the role of Poland, which accounts for 0.5 of total population but faces *0.7 of the total cost burden. This is also the reason for the relatively high Gini (low equality) coefficient for the equity criterion; unequal division of abatement costs when related to the gross domestic product. It can also be concluded that there is no nutrient report study that performs best or worst (implies greater or smaller equality) according to all fairness criteria; the Gren et al. study gives the lowest Gini coefficients (highest equality level) for nitrogen and phosphorus load per capita, the Destouni report generates the lowest coefficient for abatement cost/capita, and the Helcom report the lowest for abatement cost/GDP. However, the differences in the Gini coefficients are quite small Table 2 Minimum total abatement costs and their allocation among countries (in mill SEK) for meeting the BSAP marine basin targets, based on the nutrient measurements of the same three studies as in Gini index for measurement of fairness with respect to the egalitarian principle (N load/capita, P load/capita, abatement cost/ capita), and to the equity principle (abatement cost/GDP (gross domestic product)) in the cost effective solutions under the same three nutrient load reports as in Table 1 
